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INTRODUCTION 3 0
Insect metamorphosis has always been a fascinating phenomenon, but the master lines Using B. germanica as a model, we have found that Myo has functions beyond 7 5 repressing the expression of jhamt in the CA during the transition from the penultimate 7 6 to the final nymphal stage. We have also observed that Myo plays significant roles in 7 7 the PG, which help induce this transition and ultimately lead to the onset of 7 8 metamorphosis. Our data indicate that Myo is an essential factor in terms of triggering 7 9 the pre-metamorphosis stage in B. germanica and possibly in other hemimetabolan 8 0 insects, as it acts on the the CA and the PG, the glands that produce the most important 8 1 hormones regulating metamorphosis. As we were interested in the main hormones regulating metamorphosis, JH and 1 0 2 ecdysone, we focused on the glands producing these hormones, the CC-CA complex 1 0 3 and PG, respectively. Therefore, we determined the myo expression pattern in these two 1 0 4 glands during the fourth, fifth, and sixth (final) instar female nymphs (N4, N5 and N6). In the CC-CA, the highest expression was observed in N5, in accordance with the 1 0 6 pattern we found in our previous transcriptome analyses (Ylla et al., 2018) . Within N5, 1 0 7 maximal expression occurs at the beginning of the instar (N5D0) (ca. 500 mRNA copies 1 0 8 per 1,000 copies of Actin mRNA) and progressively decreases until it practically 1 0 9 vanishes at the end of the instar (N5D6). During N6, myo mRNA levels in the CC-CA 1 1 0 are relatively low (between 10 and 50 mRNA copies per 1,000 copies of Actin mRNA) 1 1 1 (Fig. 1B) . In the PG, the highest myo mRNA levels were also observed in N5, but 1 1 2 expression peaked in the mid-late instar (N5D4, ca. 11,000 mRNA copies per 1,000 1 1 3 copies of Actin mRNA). The levels then progressively decreased throughout the rest of 1 1 4 the instar and N6, although they remained relatively high in N6 (around 4,000 mRNA 1 1 5 copies per 1,000 copies of Actin mRNA) (Fig. 1C ). We used systemic RNAi to study the effects of Myo depletion on metamorphosis. We injected a single dose of 3 μ g of a dsRNA targeting myo mRNA (dsMyo) into the In the last nymphal instar, the jhamt up-regulation induced by Myo depletion led to an 1 4 8 increase in Kr-h1 expression, a JH-dependent factor that is the main transducer of the The PG of B. germanica, like in other cockroaches, has an X-shaped morphology and that the inactive glands (Romañá et al., 1995) . In the present work, we also studied the 1 7 7 dynamics of cell proliferation in the PG during N5 and N6 using ethynyl deoxyuridine 1 7 8
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(EdU) labeling. In N5, which lasts for 6 days, we observed intense cell division between 1 7 9 days 0 and 3 (the first 50% of the instar). In N6, which lasts for 8 days, intense cell 1 8 0 division only occurred over days 0 and 1 (the first 12.5% of the instar) ( Fig. 3 ). During 1 8 1 these instars, the ecdysone pulse in N5 peaks sharply at around day 4, whereas in N6 1 8 2 ecdysone production follows a longer, shallower peak over days 5, 6 and 7 (Cruz et al., form of the ecdysone pulse varies along the different molts; wider pulses appear to be 1 8 7 characteristic of metamorphic molts (Sakurai, 2005) . We believe the wide ecdysone 3).
We used the same myo targeting RNAi experiment described above (3 μ g of 1 9 2 dsMyo injected in N5D0) to examine the effects in the PG. We found that myo mRNA 1 9 3 levels in the PG were significantly lower in dsMyo-treated cockroaches compared to 1 9 4 controls ( Fig. 4A ). Preliminary dissections of Myo-depleted cockroaches in N5D4 and 1 9 5 N6D4 revealed PG size was greater than in controls ( Fig. 4B ). Measurement of the PG 1 9 6 arm width during N5 and N6 showed that the PG from Myo-depleted cockroaches grew 1 9 7 bigger than in the controls (Fig. 4C ). Moreover, microscope examination of the PG at 1 9 8
high magnifications using Edu labeling revealed that Myo-depleted cockroaches 1 9 9
exhibited much more active cell division than controls ( Fig. 4D ).
0 0
The transition from G1 into DNA replication (S phase) is crucial in determining CycA, dap, Cdk2 and CycD in the PG from Myo-depleted and control cockroaches.
In controls, results indicated low levels of dap expression at the beginning of 2 1 1 N5, high values in the middle, and low levels again at the end of the instar. 3). ). dap expression in Myo-depleted cockroaches was generally quite dramatically 2 1 5 reduced, whereas CycA, CycD, and Cdk2 expression progressively decreased during N5. CycE expression was not significantly affected ( Fig. 4E ). Dap is a member of the 2 1 7 mammalian p21 family of cyclin-dependent kinase inhibitors (CKIs) and inhibits the 2 1 8 G1-to-S phase transition by sequestering the CycE/Cdk2 complex in a stable but 2 1 9 8 inactive form (Lane et al., 1996) . Induction of dap transcription causes a rapid 2 2 0 accumulation of Dap protein, which inhibits CycE/Cdk2 activity and leads to G1 cell 2 2 1 cycle arrest (Swanson et al., 2015) . Conversely, dap knockdown leads to tissue 2 2 2 hypertrophy and cancer processes (Kiyokawa et al., 1996; Nakayama et al., 1996) . We that Myo has either a direct or indirect stimulatory effect on the expression of this Myo depletion increased the duration of the fifth nymphal instar ( Fig. 2A) . To study the 2 3 6 reasons for this delay, we therefore measured the expression of the following four to the 2 carbon of the cholesterol ring (Niwa and Niwa, 2014) . Results showed that the 2 4 2 expression of nvd was dramatically downregulated in N5D4 Myo-depleted cockroaches. The expression of phm and dib tended to be downregulated, whereas that of sad was 2 4 4 unaffected (Fig. 5A ).
4 5
In D. melanogaster, the Activin branch of the TGF-β pathway promotes the In our experiments, Myo-depleted N6 cockroaches molted to a supernumerary 2 9 4 N7, and, in some cases, successively on to N8 and adult, evidencing the PG was 2 9 5
functional after N6. To study the mechanisms that prevented PG degeneration, we 2 9 6 measured the expression of Kr-h1, as a key transducer of the JH signal, and ftz-f1, iap1, 2 9 7
and E93, as potential regulators of the onset of PG degeneration. Results showed that 2 9 8
Kr-h1 was upregulated whereas E93 was downregulated in N6 Myo-depleted 2 9 9 cockroaches (Fig. 5D ). This presumably results from the higher production of JH in the with the consequent increase in Kr-h1 transcription ( Fig. 2E) . Given that Kr-h1 3 0 2
represses E93 expression in metamorphic tissues (Belles and Santos, 2014), E93 was 3 0 3 consequently downregulated in the PG (Fig. 5D ). On the last day of N6 (N6D8), ftz-f1 3 0 4
and iap1, respectively, showed the highest and lowest expression values within the 3 0 5
instar (Mané-Padrós et al., 2010) . In the PG of Myo-depleted cockroaches, however, ftz-3 0 6 f1 expression in N6D8 tended to be lower than in controls (40% on average) whereas 3 0 7 iap1 expression was significantly upregulated (73% on average) (Fig. 5E ). This is Transcriptome data indicated that myo expression is highly upregulated in N5 of B. Comparison of the expression levels for the measured factors suggests that high 3 1 7
Myo levels in N5 repress jhamt expression in the CC-CA, so there is a reduction in JH 3 1 8 production at the beginning of N6 (Fig. 6) . In juvenile instars, JH acting through Kr-h1 3 1 9
represses ftz-f1expression and, in turn, FTZ-F1 represses iap1 expression in the PG. In caspase-mediated gland degeneration mechanisms (Fig. 6) . As E93, a distal gene which is repressed by Kr-h1, it is plausible that the pro-apoptotic action of FTZ-F1 is 3 2 5 mediated by E93 (Fig. 6 ).
2 6
In the PG, myo is expressed during N5 and N6, but there is a marked peak of production of the large, metamorphic ecdysone pulse in N6. The data also suggest that to produce the subsequent ecdysone pulse (Fig. 6) . PGs from treated specimens were dissected 1 h later, and processed for EdU in Drosophila. Methods 68, 183-193. 5 4 8 Romañá, I., Pascual, N. and Belles, X. (1995) . The ovary is a source of circulating Sakurai, S. (2005) . Feedback regulation of prothoracic gland activity. In 
